The effect of wild garlic herb (Allium sp.) on color, free fatty acids, chemical and sensorial properties of Herby-Pickled cheese were investigated during ripening. Analyses were carried out on 2, 30, 60, and 90 days of ripening. Increasing of herb level in cheese, L * and b * values of cheese were decreased but, a * values was increased. The color values of all cheese samples changed significantly during ripening. The increase in herb levels in cheese resulted in a significant increase in total free fatty acids value. While the caproic, capric, lauric, myristic, and palmitic acid levels of cheese were significantly increased by herb addition, stearic and oleic acids values significantly decreased. The dry matter, fat, and pH values of control cheeses were found to be higher than those of the others herby cheeses. On the other hand, acidity of control cheese was lower than that of herb added-cheeses. Herb addition only affected significantly body and texture of cheese samples. Sensory scores determined in cheeses during ripening showed significant differences.
INTRODUCTION
Herby (Otlu) cheese is one of the popular cheeses, traditionally produced from raw milk of sheep, goat, cow, or a mixture of them in the eastern part of Turkey. About 25 kinds of herbs are used for the production of the cheese "Otlu peynir" translating as "Otlu cheese." The herbs are commonly used in cheese as follows: Allium sp., Chaerophyllum macropodum, Antriscus nemorosa, Silene vulgaris, Ferula sp., Prangos sp., Tymus sp., and Mentha sp. They are added to cheese at different ratios. [1, 2] The presence of herbs is the main characteristic of the cheese. The other traditional and important characteristic of the cheese is that it is firmly filled in a plastic cheese container and stored under the earth during ripening. During storage, the top of the container is positioned down to allow moisture drainage and develop typical characteristics. It tastes a little salty and has an herby aroma giving it an intense flavor. Though the traditional production method is still more desirable to the manufacturer, Herby cheese has recently been produced successfully in industry in pickled and vacuum packaged form.
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The ripening of cheese is a very complex biochemical process that involves three primary reactions: glycolysis, lipolysis, and proteolysis. [4] Throughout manufacture and ripening, cheese production represents a finely orchestrated series of consecutive and concomitant biochemical events, which if synchronized and balanced, lead to products with highly desirable aromas and flavors, but when unbalanced, results in off-flavors and odors. Milk contains a very potent indigenous lipoprotein lipase, which normally never reaches to full activity in milk. Lipases are a ubiquitous group of enzymes that catalyze the hydrolysis of tri-acylglycerols to di-acylglycerols, mono-acylglycerols, fatty acids, and glycerol having maximum activity at water-oil interfaces. [5] High-temperature short-time treatment extensively inactivates this enzyme. In spite of this enzyme was completely inactivated at 78
• C for 10 s, it is still thought to contribute to lipolysis in pasteurized-milk cheese. Lipids are very important components of the human diet for their indispensable vital functions. Modern guidelines for a healthy diet recommend, however, reducing animal fat consumption, especially if rich in saturated fatty acids (SFA), due to their by now welldemonstrated hypercholesterolemia effect. But it is important to remember that there are also unsaturated fatty acids present in animal fat which may not only reduce the cholesterol content in the blood but in some cases even have anticarcinogenic effects and develop a protection to cardiovascular diseases. Linoleic (C 18:2 n−3 ) and linolenic acids (C 18:3 n−6 ) are even known as "indispensable fatty acids" which cannot be synthesized by men or animals. [6] The fat of cheese plays several roles in cheese quality, e.g., by directly affecting cheese texture, acting as a source of aromatic and sapid compounds and acting as a solvent for the compounds produced from cheese lipids and other sources. Lipolysis results in the formation of free fatty acids (FFA), which are constituents of cheese flavor and can be precursors of flavor compounds such as methylketones, alcohols, and lactones. Lipolysis plays an important role in cheese ripening, especially in blue cheese varieties, and a large number of studies dealing with the acceleration of lipolysis via the addition of free lipolytic enzymes to either cheese milk or curd. [7] The extent of lipolysis can be assessed by determining the concentration of FFA. The concentration of FFA in the cheese depends on the seasonal composition of the milk and on the relative lipase activity. [8] Free fatty acids are known to play an important role in flavors of many varieties of ripened cheese. Two major sources are generally considered for free fatty acids in ripened cheese, which are (i) the direct breakdown products of milk fat by lipolysis; and (ii) the end-products of carbohydrate and protein metabolism by bacteria. The breakdown of milk fat is carried out by esterases and lipases, which are either endogenous to the milk or of microbial origin. [9] The breakdown of milk fat probably occurs in all cheeses but the rate and extent of hydrolysis varies considerably between cheeses varieties. To the best of our knowledge, there are no reports on the free fatty acid profiles of traditional Herby cheese throughout ripening. Therefore, the objective of this study was to investigate free fatty acids, color and sensorial changes on days 2, 30, 60, and 90 of ripening and to assess the effect of wild garlic herb (Allium sp.) on pickled-cheese made from heat-treated cow milk.
MATERIALS AND METHODS

Materials
Cow's milk was supplied from a dairy farm in Ordu of Turkey. For experimental cheese production in each trial, commercial rennet (strength 1: 12,000) was obtained from Peyma Hansen Company, Istanbul. Herb of wild garlic (Allium sp.) was collected from Karagöl Mountain 3100 m altitude of Giresun, Turkey and its fresh form was added to cheese curd. Allium sp. was used because it is the most common herb in producing Herby cheese in Turkey. Lyophilized lactic culture (Lactococcus lactis ssp. lactis and Lactococcus lactis ssp. cremoris) was obtained from Rhodia Food (Ezal ® , Dangé Saint-Roman, France).
Cheese Manufacture
Raw cow's milk was pasteurized at 65
• C for 30 min, cooled to 32
• C and then starter culture was added at the level of 0.5% and held for 45 min. Milk was coagulated with rennet for 90 min. After coagulation, pre-cheeses were cut into 8-10 mm cubes with a wire knife and were divided into four equal portions each at 2-kg weight. One of the portions (CC) was accepted as control which had no the herb. The herb (Allium sp.) roughly broken was added to the remaining three portions as follows: 0.5% (C1), 1.0% (C2), and 1.5% (C3) of milk weight. Pre-cheeses were pressed for 120 min and then all pre-cheeses were cut into blocks with dimensions of 7 × 7 × 5 cm for analysis (approximately 400 g). The fresh cheeses were soaked in brine (140 g NaCl/L) at room temperature for 12 h. At the end of this time, cheese samples were packed in separate plastic boxes, filled with the same brine at 15 ± 1
• C. The ratio of brine: cheese was 1:4. After that, packed cheeses were stored at 7 ± 1
• C for ripening. The cheese samples were analyzed for color, free fatty acids, chemical and sensorial properties on days 2, 30, 60 and 90 of the ripening period.
Color Characteristics
The color of cheese samples was measured using the CIELAB system with a colorimeter (Minolta CR 300, Japan), calibrated with a white tile (Minolta calibration plate, No. 21733001, Y = 92.6, × = 0.3136, y = 0.3196) at 2
• observation angle with a C illuminant source. Five readings were taken from each group of cheese samples. L * (lightness; 100 = white, 0 = black), a * (redness; +, red; −, green), and b * (yellowness; +, yellow; −, blue) values were recorded.
Free Fatty Acid Compositions Analysis
For determining total free fatty acids and free fatty acid composition, fat was extracted from 10 g of cheese using a chloroform/methanol solution (2:1 v/v) following homogenization with an Ultra Turrax homogenizer (Cat X120, Germany). Fifteen mL of 1 mM CaCI 2 was added to the homogenate, which was subsequently shaken vigorously for 30 s. The resulting mixture was centrifuged at 2000 g for 15 min, and the chloroform phase was transferred to an evaporation flask. The chloroform phase was dried off using a vacuum evaporator, and the obtained fat was used for the determination of total free fatty acids and free fatty acids composition. [10] The total free fatty acids of the fat were determined as described by IDF [11] as oleic acid in extracted fat. Free fatty acid composition was determined after methylation [6] by Shimadzu (Model GC-2010, Shimadzu Corporation, Kyoto, Japan) gas chromatograph using a DB-23 column (60 m × 0.25 mm I.D., 0.25 µm). The temperature of the injection port and detector was held at 270
• C and 280
• C, respectively. The injected volume was 1 µl. The carrier gas was helium at a pressure of 150 kPa. The split used was 1:100. The oven this temperature was programmed as follows: Initial temperature of 130
• C was maintained for 2 min; the temperature was then increased to 170 • C at 6.5
• C/min, and to 215 • C at 2.75
• C/min and temperature was maintained for 6 min; the temperature was then increased to 240
• C at 40
• C/min and the temperature was maintained for 10 min. The total run time was 46.77 min. Fatty acids were identified by comparison of their retention times with those of authentic standards (Supelco 37 Components FAME Mixture, Cat. No. 18919-1AMP) and reported as mg 100 g −1 of free fatty acids. All analyses were performed as duplicate, and the analysis was repeated if necessary.
Chemical Analysis
Dry matter, protein (N × 6.38), fat, ash, and salt contents and titratable acidity were determined according to the AOAC [12] procedure. pH values of cheese samples were measured using a digital pH-meter (Cyberscan PC 510, Singapore) equipped with a combination pH electrode (Sensorex, S175CD Spear Tip, USA) calibrated in buffers at pH 4.01 and 7.00 (Mettler Toledo, USA) at +20
• C. The average of five measurements was used.
Sensory Analysis
Sensory assessment of cheeses on days 2, 30, 60, and 90 of ripening was carried out by a six-member panel of the University staff selected based on interest and experience in sensory evaluation of Herby cheeses. The sensory assessment of cheeses was performed by the panelists under fluorescence lighting. Prior to assessment, each cheese was cut into 10 g cubes, equilibrated to room temperature (20 • C) after waiting for 4 h room temperature and presented in randomized. Overall sensory quality was assessed using a scaling method (1-10 points), where 1 reflected a very bad score and 10 a very good score for appearance and color, body and texture, flavor, and acceptability. A set of three to four samples was given to each assessor, together with instructions on the evaluation procedure. Panel members were also instructed to report any defects in appearance (wet, dry, cracks), body and texture (hard, soft, pasty, crumbly, grainy) and flavor (rancid, salty, bitter, sour). Water was provided for mouth washing between evaluations of samples. [13] 
Statistical Analysis
In this study, the production and storage of Herby-pickled cheese together with all analyses were performed in duplicate. All statistical calculations were performed using SPSS Statistical Software and the obtained values were presented as mean ± standard deviation. Evaluation of significance was performed by analysis of variance, followed by Duncan's multiple range tests. The significance level of P < 0.05 was used for determining statistical differences.
RESULT AND DISCUSSION
Color Characteristics
The appearance of foodstuffs is the only permitted way to appreciate food products. In that respect, color is a clue for many qualities of food such as flavor, naturality, or maturity, and drives consumers' choices. The color characteristics of the cheeses produced with/without herb are shown in Table 1 . Although the L * and b * color values of cheese decreased by herb addition, a * values significantly increased (P < 0.05). The C3 cheese, 1.5% herb-added, showed the greatest difference in color. The control cheese (CC) had a th day, respectively. These results are in good agreement with the findings of Clareto et al. [15] for color characteristics of the cheese breads produced with protein concentrate. In this case, colorants such as annatto, paprika, or β-carotene are spread on the surface of the cheese during processing, as a means to produce standard and attractive products. [14] This situation was also described in the industrial production of Turkish Kashar cheese, for which color intensity of the product does not meet the consumers' acceptance. [16] 
Free Fatty Acids Composition
The FFA was released during lipolysis contribute, together with the volatile compounds and the proteolysis products, directly to cheese flavor. [17] Lipolytic activity in cheese is well understood and it is known that lipases can be derived from the milk, from the microorganisms (natural micro-flora added as starters) and possibly from the rennet. [8] The degree of lipolysis in cheese samples is shown in Table 2 . Some fatty acids (butyric, caproic, caprylic, capric, and oleic acid) concentrations decreased slightly over the ripening period. This is likely due to the fact that FFA were hydrolyzed into other compounds, such as methyl ketones, alcohols, lactones, aldehydes, etc. [8] It is known that some of the main factors that contribute to FFA content in cheese are the kind and quality of milk, its heat-treatment, the lactic acid starters used, ripening and storage temperature, brine concentration, milk lipase (if raw milk is used) and lipases found in rennet.
The method used to determine the free fatty acids permitted the measurement of fatty acids produced by lipolytic processes. The mean FFA concentration of the cheeses is given in Table 2 . In all herb added cheeses, the butyric acid content was found to be similar (P > 0.05). The butyric acid content observed in the present study was significantly higher than the level (0.85 mg 100 g −1 ) reported by Katsiari et al. [18] for industrially made 292 TARAKCI ET AL. CC 0.14 0.145 0.14 0.13 0.14 ± 0.00 c C1 0.14 0.14 0.14 0.14 0.14 ± 0.00 b C2 0.14 0.14 0.145 0.14 0.14 ± 0.00 b (Continued) Feta cheese. According to Georgala et al., [17] high levels of free butyric acid (17-20% of the TFFA) in Feta cheese indicate selective lipolytic activity. Caproic acid (C 6:0 ) concentration in C3 cheese with 1.5% herb was significantly (P < 0.05) higher than that of other cheeses in the present study. The caproic acid content changed throughout ripening and at the end of ripening decreased from 1.64 mg 100 g −1 to 1.58 mg 100 g −1 . Similar results were reported by Akin et al. [9] for samples of white pickled cheese ripened for 30 days. On the other hand, high caproic acid contents, up to 25.2 mg 100 g −1 , were reported for Manchego cheeses ripened for 150 days. [8] Caprylic (C 8:0 ) and capric acid (C 10:0 ) concentrations in C3 cheese were significantly (P < 0.05) higher than those of control and other Herby cheeses throughout ripening. In C3 cheese, C 8:0 and C 10:0 fatty acids were 1.22 and 2.81 mg 100 g −1 , respectively. Georgala et al. [17] found 45.4 and 177 mg 100 g −1 of caprylic and capric acids in traditional Feta cheese samples ripened for 120 days, respectively. On the other hand, lower values were reported for industrial-type Feta cheese. [18, 19] Lauric (C 12:0 ) and myristic acid (C 14:0 ) contents in control cheese were significantly (P < 0.05) lower than those of Herby cheese and lauric and myristic acid contents of Herby cheeses with 1.5% herb were higher than (3.16 mg 100 g −1 and 10.42 mg 100 g −1 , respectively) other Herby cheeses. These fatty free acid values are similar to those reported by Mallatou et al. [21] in Teleme cheese, but lower than the results reported by Akin et al. [9] in White-pickled cheese and higher than the results reported by Azarnia et al. [20] in Iranian-brine cheese. The palmitic acid (C 16:0 ) value of cheeses increased with herb level while stearic and oleic acid contents decreased (P < 0.05). On the other hand, palmitic and stearic acid contents in cheeses increased throughout ripening. In ripened cheeses, the predominant short-chain fatty acid (SCFA) was lauric acid (C 12 ), the most abundant medium-chain fatty acid (MCFA) was palmitic acid (C 16 ) and long-chain fatty acid (LCFA) was oleic acid (C 18:1n9t ). SCFA and MCFA were significantly affected by ripening time and herb addition (P < 0.05). The highest SCFA and MCFA concentrations were determined in C3 cheeses (11.26 and 44.54 mg 100 g −1 fat, respectively). At the end of ripening time, while SCFA concentration was detected as the lowest (8.89 mg 100 g −1 fat) MCFA concentration was detected as the highest (42.32 mg 100g −1 fat). SFA was increased by both herb addition and during ripening. Thus, the highest level was obtained at 90 days and in C3 cheese. Poly-unsaturated fatty acid (PUFA) and mono-unsaturated fatty acid (MUFA) levels of cheeses were not affected during ripening (P > 0.05), but the herb level contributed to the increase of PUFA and the decrease of MUFA contents. In particular C 16:1 , C 18:2n6t , and C 18:3n−6 were higher in Herby cheeses than control cheese. SCFA especially butyric acid (C 4:0 ), is an important component of cheese, which contributes greatly to its flavor and piquant taste.
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Results show that the total free fatty acids (TFFA) content was significantly higher (P < 0.05) in Herby cheese than control sample, but C1 and C2 samples exhibited a similarity compared to C3 sample. The TFFA of cheeses were increased throughout ripening time and reached to 3.01% from 0.72% in 90 days. Ayar [22] reported that fat hydrolysis was increased during ripening, especially after 30 days, in white cheese with some herb essential oils.
Chemical Characteristics
Changes in the content of mean components of the cheeses during ripening are given in Table 3 . While the highest dry matter content was determined for CC cheeses (48.83%), the dry matter contents of Herby cheeses were found to be close to each other. Lower 1.53 ± 0.56 a Mean ± SD 0.48 ± 0.14 D 1.37 ± 0.18 C 1.74 ± 0.20 B 1.86 ± 0.15 A CC = Control cheese; C1, C2, and C3 cheeses added herb at ratios of 0.5, 1.0, and 1.5%, respectively. LA % = lactic acid. abc Letters indicate significant differences among cheeses with added herb, P < 0.05. ABC Letters indicate significant differences among ripening times, P < 0.05. dry matter contents of Herby cheeses could be attributed to the water-holding capacity of herbs. [2, 23] Dry matter contents in all cheese samples decreased slowly until 60 days of ripening and then slowly increased. This is most likely because the cheeses were packaged and matured in plastic bags of low moisture permeability. Similar results had already been observed by Tarakci et al. [23] and Coskun and Tuncturk. [24] The lowest protein content was determined for C3 cheeses (P < 0.05) while the protein contents of other cheeses were found to be close to each other (P > 0.05). The protein content of all cheeses decreased significantly until 30 days of ripening and then did not change (P > 0.05). Average fat contents of samples ranged from 22.75-26.81%. Fat content of CC cheeses without herb were significantly higher than that of Herby cheeses (P < 0.05). The addition of herb to cheese did not significantly affect salt content of the cheeses (P > 0.05). However, salt contents of all samples increased significantly (P < 0.05) until 60 days of ripening and then did not change. The salt absorption rate was very high at the first month of the experiment due to a movement of NaCl molecules as a result of the osmotic pressure and different moisture contents of cheeses. [25] The ash content of cheese samples ranged from 3.78-6.18%. The ash content increased significantly with increasing the herb content (P < 0.05). This phenomenon indicates that Allium sp. herb is an important source of mineral matters. Akin et al. [9] and Soryal et al. [26] reported that the total solids, fat and salt contents increased significantly during ripening which possibly, owing to salt diffusion into the cheese body and causing loss of water. [2] As shown in Table 3 , the average initial pH value of cheese (5.62) decreased to 4.82 levels in the ripened cheese. The mean pH value of control cheese was higher than those of herb added-cheese samples (P < 0.05). The differences in pH values among different cheeses were probably due to the Allium sp. herb used. The mean pH values significantly (P < 0.05) decreased until 60 days of ripening. This is an expected observation and may be attributed to the higher lactic acid bacteria (LAB) contents of ripened cheeses. [27] During the growth of LAB, lactic acid is produced with a consequent drop in pH. Acid development is a very important criterion in the manufacture of cheeses ripened under brine due to curd stability during brining and the inhibitory effect of lactic acid on undesirable microorganisms. [28] [29] [30] Titratable acidity increases and pH decreases due to the production of organic acids (primarily lactic acid), with LAB responsible for most of the sugar fermentation. [31, 32] In our study, the ratio of brine per kg of cheese was lower than the ratio used commonly. This could cause more loss of acidic molecules from cheese body and that bring about lower acidity and higher pH of cheese samples. Another reason for the higher pH of CC cheese in comparison to the others may be due to higher buffering capacity of cheeses occurred depending on drain conditions. [33] High pH at renneting and draining stages prevents casein micelle demineralization (solubilized calcium and phosphate cannot be removed from the curd during whey draining) and as a consequence, the buffering capacity of the curd becomes higher. [34] The titratable acidity of fresh cheese samples ranged from 0.31 to 0.67% LA. The difference in titratable acidity among the cheeses samples was found to be significant (P < 0.05) indicating the effect of Allium sp. on the acidity. The titratable acidity of all cheeses increased significantly (P < 0.05) during ripening. These increases are in accordance with previous reports by Georgala et al., [17] Topcu and Saldamlı, [32] Sengül et al., [35] and Dervisoglu et al. [36] 
Sensory Characteristics
The results of the sensory evaluation (appearance and color, body and texture, flavor, and acceptability) of herby cheese are presented in Table 4 . As shown Table 4 , no significant differences were detected (P > 0.05) among sensory properties for adding herb except for body and texture (P < 0.05). The body and texture scores for the control cheese were higher than those of the herb-added cheeses. In addition, body and texture scores decreased with increasing of herb level. These results may be attributed to the lower level of moisture of the control cheese, as shown in Table 3 . The panelists' comments indicated that the Herby cheeses had a soft body and texture. Tarakci and Akyuz [2] reported that Herby cheese produced with two different methods was not significantly different in appearance, taste and flavor, and texture properties. Statistically significant (P < 0.05) differences were
